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Research on the Exploration of Methods to Produce 
Chlorates and Perchlorates by Means Other Thar Electrolytic 

I     OBJECTIVE 

It was our purpose to develop a process utilizing dilute ozone as the axidant to 
convert a chloring-containing compound to perchlorate. This oxidant ranks close to fluorine 
as the most powerful oxidizing agent in acid solution. Now that dilute ozcre sells for approxi- 
mately ten cents ($0.10) per pound, (1) we intended to develop a process using this cheap, 
powerful oxidant. 
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II     SUMMARY 

(1) A new reaction has been found for producing perchlorates from chlorates 
utilizing ozone as the oxidant 

(2) Runs have been made using ozone to oxidize chlorate dissolved in concen 
trated perchloric acid. The single pass yields (based on NaClOj and O3) were both found 
to be over 85% (Run 4D) at a NaC103 flow of 76 millimoles per hour. 

(3) No perchlorate was produced using lead dioxide and lead tetracetate as 
catalysts with ozone in different solvent media. 

(4) Future studies will cover complete laboratory developments of ozone as an 
oxidant to produce perchlorate from chlorate All laboratory data will be completed to make 
possible a preliminary cost estimate by the engineering department for this process 
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ID    INTRODUCTION 

The work covered by this experimental investigation can be divided into two major 
parts: 

(A) The reaction between dilute ozone and chlorate in a concentrated 
mineral acid over a range of temperatures. 

(B) The reaction between dilute ozone and chlorate with catalysts in the 
absence of concentrated mineral acids. 

The first part of the work proved to be successful, and a complete process is now 
being developed. 

Reactions investigated under (B) yielded no perchlorates and this part of the ex- 
perimental work was discontinued when part (A) reaction proved successful. 
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IV     EXPERIMENTAL PREPARATION OF PERCHLORATES 

A.   By K "action of Dilate Ozone on Chlorate in Concentrated Mineral Acid 

(1) General Theoretical Perspective 

There are many conflicting reports in the literature on the oxidation of 
chlorate to perchlorate by ozone. These are summarized in a literature report by the 
Pennsylvania Salt Manufacturing Company (2) and in an interim report issued by 
Mathieson Chemical Corporation (3) on the perchlorate problem. In the former report 
the conclusion is drawn that the oxidation of chlorate to perrhlorate by ozone may 
be possible but would be very inefficient 

The Pennsylvania Salt Manufacturing Company did some experimental 
work on the oxidation of chlorate with ozone  These results are listed in Part II of 
their report (4). In the summary of this report it was stated:   'Ozone failed to oxidize 
either an alkaline or acid solution of sodium chlorate* We investigated the action 
of ozone oo chlorate in basic solution and reached the same conclusion, that there 
was ao conversion to perchlorate  This work is reported in our Interim Research Report 
for period December 1, 1951 to May 31, 1952 (3). 

The present report discusses our results on the ozonolysis of salts in 
acid solution The work was divided into two general categories: 

(a) The action of ozone on chlorate in concentrated mineral acid. 
(b) The action of ozone on chlorate with catalysts in the absence 

of concentrated mineral acid. 

We shall report the work of ozone on chlorate In concentrated mineral acid first, as 
this proved to be the most fruitful line of attack. 

(2) Chlorate in 25% and 60% Perchloric Acid 

It is possible to produce some perchlorate from chlorate in strong acid 
by simple acid conversion. This is illustrated by the following equation: 

2H2SO4 -f> 3 NaC103 -* NaC104 •+ 2 C102 "•" H2O 4- 2 NaHS04 

Hera all of the oxidising action comes from the chlorates. In the above equation only 
33% of the NaC103 becomes NaClO^ In our reactions we attempted to use ozone as 
the oxidizing agent. Therefore any conversion over this 33% would indicate that ozone 
is taking over as the oxidant. 

Below in Table 1 are listed the first experiments using perchloric acid 
as the solvent with chlorate in solution. The ozone stream was a mixture of 1.0% 
ozone in oxygen. 
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Table 2 lists the results of « series of experiments asing dilute ozone on 
sodium chlorate in paschloric acid. The first series of experiment*, numbers, 2A, 2C, 
2D aad 20 were run in a column packed with one-quarter inch Berl saddles. In Experi- 
ment 2D we obtained approximately maximum yields for this column on a NaClOo flow 
of 76 millimolas NaClOyhr. !n this experiment both the ningle pass yield (based on 
N«C103) and single pass yield (based on O3) were over 85%. This is plotted in Figure 
2. 

The second series of experiments listed in Table 2 were run in about the 
same manner, using a column packed with 4 mm Berl saddles  The smaller packing 
material has the effect of lengthening the reactor column which should give higher 
ozone efficiency and conversion to perchlorate. This was found to be true and is con- 
finned In experiment 4D, where a single pass yield (based on NaClO^ of 86.0% and 
a single pass yield (based on O3) of 88.3% were obtained on a NaC103 flow of 76 
millimolee NaClO-j per hour. These experiments are plotted in Figure 3. 

It is possible that even higher conversions and ozone efficiencies could be 
obtained by improved column design, but this can be carried out much more effectively 
in the pilot plant. This process will be continuous in its operation and in Figure 4 
the process is outlined in a preliminary flow sheet. 

* 
* 

This reaction is new, and therefore the mechanism of the reaction is not 
fully understood. However in our experiments we observed that chlorine dioxide is 
liberated aad it appears to aid in obtaining high conversion to the perchlorate. This 
condition is brought about by having high temperature (100°C ) in conjunction with 
the presence of concentrated mineral acid One possible mechanism for this conver- 
sion to perchlorate is presented below 
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1   3N«C103    f    2HC104—>3NaC104   +    2C102    *•    H^ 

2.   2CiC2    -»•    'O3    +    H2O •CljOy   +    HjO    *   02—y2HCl04    -4-   302 

3   NaC103    +   O3   *   NaC104    +   02 

Equation number 3 points out the fact the. t one oxygen atom from the ozone 
is attached to the sodium chlorate molecule to form sodium perchlorate. 

(3) Chlorate in 65% Sulfuric Acid 

The two other mineral acids studied besides perchloric acid for uae as 
solvent were sulfuric acid and nitric acids. Sulfuric acid appears to be equally as good 
as concentrated perchloric acid for a solvent in this ozone reaction. The experiments 
using sulfuric acid as solvent are listed in Table 3. 

In experiment 41F a conversion of 72.0% was obtained in a packed tower. 
It is probable that higher yields would have beer, obtained if precipitation of potassium 
perchlorate on the column had been avoided. Further work was not carried on with this 
solvent because of the difficulty of eliminating sulfate contamination from the perchlor- 

•    I ate product In the field of solid propellents the sulfate ion is one of the impurities 
that cannot be tolerated in the perchlorate product. 

» ' (4) Chlorate in 70% Nitric Acid 

The third and final mineral acid used is this investigation was u'.tric acid. 
This acid appears to be an excellent solvent in this process of converting chlorate to 
perchlorate, using ozone as the oxidant. 

The only two experiments done in this solvent ate listed in Table III. In 
experiments 34 and 35 the chlorate was dissolved in the nitric acid and placed in a 
reactor. Ozone gas (diluted with oxygen) was bubbled through the liquid. This 
reactor was heated externally while the gas was on stream  la experiment 35 a con 
version of 90.8% of the chlorate to perchlorate was obtained. Nitric acid has definite 
possibilities as a solvent in this ozone process. Here also as with H2S04 the 
possible draw back is impurity in the perchlorate due to nitration contamination. 
However, according to a representative of the Bureau of Aeronautics, trace impurities 
of nitrate ion can be tolerated. 
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B.  Reaction of Dilute Ozone on Chlorate with Catalyst ia the 

Absence of Concentrated Mineral Acids 

(1) General Theoretical Perspective 

The oxidation of chlorate to perchlorate can be completed oy using lead dioxide 
as oxidant. This work was >apu«cvd by the Germans (5) who developed a workable process 
during World War II  Th» process is being tested in our laboratory at the present tine. This 
process converts the PbC<2 to PbSO.j. 

We are carrying on catalyst studies (3) at the preset;' time on the conversion 
reaction of chlorate to perchlorate. The two catalysts studied recently and reported here are 
lead salts, namely lead dioxide and lead tetracetate. These two salts were used ss catalysts 
in the reaction of ozone on chlorate in different solvents* These catalysts were planned to 
function ss a bridge to bring the oxygen atoms in the ozone into union with chlorate to form 
perchlorate. The results of these expe*iments are discussed in the'sections that follow. 

(2) Lead Dioxide as Catalyst 

Work was carried on with ozone as the oxidant and PbC^ •* tne catalyst 
with chlorate in dilute solutions Actual experimental conditions are listed below is Table 4 
lb none of the experiments listed was perchlorate produced. This phase of the work was 
discontinued once the ozone on chlorate in concentrated mineral add was found to produca 
perchlorate in high yield 
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(3) Lead Tetracetate as Catalyst 

Lead tetracetate is also an oxidizing agent in acid solution as is lead dioxide 
Experiments were run attempting to use lead tetracetate as a catalyst in varying concentre 
tions of acetic acid with dilute ozone as the oxidant. The results of these experiments are 
listed below in Table 5, None of these experiments gave a detectable amount of perchlorate 
under the conditions used. 

During the course of these runs, the lead tetracetate tended to hydrolyze in the 
presence of water and precipitate lead dioxide, Here also as in the case of the lead dioxide 
catalyst, the work was dropped once successful results were obtained using ozone on chlor 
ate in concentrated mineral acid to produce perchlorate. 
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V.    CONCLUSIONS 

(1) A chemical process using ozone to produce perchlorates has been found and 
Las possibilities of competing economically with present electrolytic production. 

(2) This chemical process converts chlorate to perchlorete in concentrated mineral 
acid solution using ozone as the oxidant. 

(3) Lead dioxide and leed tetracetate proved unsuccessful as catalyst, under the 
conditions used, in converting chlorate to petchloratc. 

(4) At present there are not enough data available to construct a working pilot 
plant for percnlorate production using ozone ss the oxidant. Future work will obtain this 
information. 
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VI.   FUTURE WORK 

(1) Experimental work should be completed on the ozone process for conversion 
of chlorate to perchl orate This will make possible a preliminary cost estimate on the process. 
The following information will be obtained: 

(a) Phase diagram of system NaClOj - NaC104 - HC104(60%) 
(b) Vapor pressure stadias, at different temperatures, of 60% HClO^ solution 

saturated with NaCl04 

(c) Densities of process liquors. 
(d) Cyclic bench scale operating data to confirm optimum conditions 

(2) Pilot plant operation of process 

(3) Further exploratory work on the ozonolysis of other chlorine compounds such 
as HC1, C120, Cl2 and HOCl 

CONFIDENTIAL SECURITY INFORMATION 19 

j 



i- ~~ -~-^MK-i> mm m mm I 'mem 

CONFIDENTIAL SECURITY INFORMATION 

VII.  BIBLIOGRAPHY 

(1) Hann.V,      Chemical Industries   67,   386-9 (1950). 

(2) Pennsylvania Salt Manufacturing Company, 

Investigation of Methods to Produce Sodium Perchlorate without the Use of 
Platinum, Part I - Literature Review, Wyndmoot, Pa., 1951. 

(3) Mathleson Chemical Corporation, 

Research on the Exploration of Methods to Produce Chlorate and Perchlorate 
by Means Other than Electrolytic,  Interim Research Report for Period 
Dec. 1, 1951 to May 31, 1952. 

(4) Pennsylvania Salt Manufacturing Company, 

Investigation of Methods to Produce Sodium Perchlorate without the Use of 
Platinum,  Part II - Laboratory Work, Wyndmoor, Pa. 1951. 

(5) Ehrhardt (I. G. Farbenindustrie) *Kalium Perchlorate", Pb 73283, Frames 503-7. 

CONPIDtNTIAL SECURITY INFORMATION 20 

•» *:«^s 
u--*. w» iti'?* *<w"*.v:,'*-'^ 

IK -->/ — -      n>mmm 



CONFIDENTIAL SECURITY INFORMATION 

r^ri 

VII.    NOTEBOOK REFERENCES 

Dexter, T. H. 

Naughton, J. H. 

Lade.R.G. 

Notebook    975C 

Notebook    976C 
1122C 

Notebook  1109C 

pp.  38-69 

pp. 30-152 
5-82 

pp     5-86 

n 

CONFIDENTIAL SfCUftlYY iM+OftUATlOW TT 

_.  ,..,--;•• 'j^sAr^ar-T^r 



CONFIDENTIAL SECURITY INFORMATION JE 
o» -« ss~ 

K I 

Trap 

FIGURE I 

APPARATUS USED IN 
PACKED  COLUMN 

EXPERIMENTS 

C0H5TANT YUM 

4.0 ^ Na Ci 03 IN 

H CIO* SOLUTION 

CAPILLAEI TUBE 

STUN 

PACKS) COLUMN 

03 DILUTE 

JKN 
12-16-52 

CONFIDENTIAL SECURITY INFORMATION 22 

I'lWl t» 



I 
CONFIDENTIAL SECURITY INFORMATION 

CONFIDENTIAL oECURITY INFORMATION 

in m."*m*>w*" **^^r„'^*^Ji;:^ffli-jarE 



CONFIDENTIAL SECURITY INFORMATION 

110 

CCNFJOEHTIAL SECURITY INFORMATION 24 



CONFIDENTIAL SECURITY INFORMATION 

HKiCTXON 

Ha Cl Os -t-  03 
Na Cl 0* + Ot 

FK5URE 4- FLOW  DIAGRAM OF PERCHLORA1 

PROCESS USING OZONE AS OXIDANT 

12 

CONFIDENTIAL SECURITY INFORMATION 


	0004
	0005
	0006
	0007
	0008
	0009
	0010
	0011
	0012
	0013
	0014
	0015
	0016
	0017
	0018
	0019
	0020
	0021
	0022
	0023
	0024
	0025
	0026
	0027
	0028



